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Study region: Schoharie Creek, Catskills Mountains, New York, USA.
Study focus: Total annual ﬂow in Schoharie Creek, Catskills Moun-
tains, was  above the long-term average for most of the last two
decades. We  hypothesize that the end of the 20th century and early
21st century mark a change in the streamﬂow in the Schoharie water-
shed. To test this, we  evaluated annual ﬂow, center-volume (CV) and
winter–spring center-volume (WSCV) dates, and average daily ﬂow
within four comparison periods purposefully selected to represent:
average conditions, below average, above average and recent condi-
tions Recurrence intervals of the 2-yr, 5-yr, and 10-yr daily maximum
ﬂow calculated for the comparison periods suggested that these event
magnitudes were larger during the last decade.
New hydrological insights for the region: The increase in high-
frequency event magnitude was  most pronounced at the 5-yr daily
maximum ﬂow in the lower Schoharie. During the last decade the 5-yr
event magnitude exceeded the record-long 10-yr daily maximum ﬂow
magnitude. Changes to peak daily ﬂow implies more ﬂow in the lower
Schoharie more frequently. Seasonal differences drive above average
winter runoff, shortened peak runoff in spring and in several cases
below average summer and late summer ﬂow. This ﬂow pattern is
not just a matter of more water all the time, but more water dur-
ing the high-ﬂow period and less water during the low-ﬂow period,
intensifying annual extremes.
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1. Introduction
Global climate models predict strong regional changes in temperature, precipitation and evapora-
tion rates through the 21st century and into the next century (Barnett et al., 2005; Hayhoe et al., 2007,
2008). Shifts in regional temperature and precipitation patterns will impact surface water resources
in the northeastern region in the United States (Collins, 2009; Hayhoe et al., 2007, 2008; Hodgkins
and Dudley, 2011; Villarini and Smith, 2010; Wood et al., 2002; Xu et al., 2013). Regional climate pre-
dictions (e.g., Northeastern Climate Impact Assessment (NECIA), 2007) suggest that the northeastern
region in the United States will receive more precipitation and that the amount of snowfall will decline
(Frumhoff et al., 2008). This shift has important consequences for the hydrological runoff regimes for
areas that are typically dominated by spring snowmelt runoff.
Unlike other regions in North America, the Northeast is not especially sensitive to synoptic-type
climate anomalies (e.g., sea surface temperatures; Massei et al., 2011; McCabe and Wolock, 2002,
2011; Seager et al., 2012; Wood et al., 2002; Zhang et al., 2010) and therefore, short-term changes in
the hydrological regime are not easily explained. However, given the current variability, a comparison
of shorter time period patterns in one basin is warranted. For example, total annual ﬂow in Schoharie
Creek,2 which is the primary river that drains the north slope of the Catskill Mountains, was above the
long-term average for most of the last two decades. This above average ﬂow has several implications
for water resource management and policy decisions, but is expected given predictions by climate
simulations.
Recent studies (e.g., Collins, 2009; Hayhoe et al., 2007; Seager et al., 2012; Villarini and Smith,
2010) reporting regional changes demand scrutiny at a local level. Local scrutiny is complicated by
the fact the some rivers pose analytical challenges because of reservoirs and geographic position with
respect to atmospheric systems. In this study, we  investigate the possibility that the end of the 20th
century and early 21st century mark an abrupt change in streamﬂow within the Schoharie watershed.
To explore this possibility we purposefully compared ﬂow during below average, above average, and
average periods in the hydrologic record based on regional changes in precipitation (Hayhoe et al.,
2007; Seager et al., 2012) and streamﬂow records downstream from Schoharie. In addition to analyzing
annual ﬂow data from the upper and lower reaches of the watershed, we evaluated the daily mean ﬂow
during each of these periods. Although comparatively small, changes within the Schoharie Watershed
may be indicative of changes in adjacent watersheds and smaller ungaged subcatchments. In addition,
Schoharie Creek is an important tributary to the Mohawk River that drains into the Hudson River.
Several researchers and studies have presented comprehensive, regional evaluations of changes in
precipitation and ﬂow in the Northeast (e.g., Collins, 2009; Hayhoe et al., 2007, 2008; Hodgkins and
Dudley, 2011; Seager et al., 2012; Villarini and Smith, 2010). The purpose of this study is to focus on
the speciﬁc impacts in one watershed (Schoharie Watershed). In this paper, we present the watershed
characteristics, describe our methodology and results and ﬁnally discuss our ﬁndings in the context
of the regional studies, with a speciﬁc focus on the Schoharie Reservoir.
2. Watershed characteristics
Schoharie Creek ﬂows north from the Catskill Mountains and merges with the Mohawk River at
Fort Hunter (Fig. 1). It is one of two major tributaries to the Mohawk River, which in turn is the major
tributary to the Hudson River. Flow within the Schoharie watershed is characterized by low-ﬂow
during the winter months, peak runoff occurring in the spring and receding into the lowest ﬂows
during the summer. Late summer and early fall ﬂows are commonly punctuated by rain storm events
generated by remnant tropical storm systems and convective storms (e.g., Seager et al., 2012; Villarini
et al., 2009; Villarini and Smith, 2010). These events can generate heavy, intense rainfall with amounts
in the Schoharie headwaters reaching over ten inches in several hours (Villani et al., 2012).
Landuse and activities in upstate New York have changed substantially since the ﬁrst European
explorers in the early 1600s reported on the landscape (Boyle, 1969; Henshaw, 2011; Litten, 2011a)
2 Schoharie Creek is a river by most typical metrics, and the name is inherited from early settlers.
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Fig. 1. Schoharie Creek in central New York drains the north slope of the Catskill Mountains and empties into the Mohawk River,
major  tributary to the Hudson River. The primary USGS gaging stations used in this study are indicated, as are the two reservoirs
within the basin. The inset map  (lower left) shows the location of Schoharie Creek relative to the rest of North America.
The most notable changes over the last 100 years are construction of a number of dams, shifts from
agriculture to secondary forest growth, and slight increases to urban center areas as populations in
towns and villages grew (Litten, 2011a,b; Suro and Gazoorian, 2011; Swaney et al., 2006). In the Catskill
region speciﬁcally, between the late 1970s through 2003, there was  a minor decrease in forested areas,
and less than 8% increase in developed areas (Suro and Gazoorian, 2011).
The Schoharie watershed has two  reservoirs within its catchment. The Schoharie Reservoir formed
by the Gilboa Dam occupies the valley between Prattsville and Gilboa, NY, and contributes to New York
City’s drinking water system. Water is diverted out of the Schoharie Watershed from the Schoharie
Reservoir south, across the drainage divide through the Shandaken tunnel where it enters Esopus Creek
and eventually the Ashokan Reservoir. The Schoharie Reservoir diversion project was completed in
1924 and is maintained by the New York City Department of Environmental Protection and has little if
any release downstream. The second project on the Schoharie is the Blenheim-Gilboa pump-storage
Project. It is located at Blenheim, downstream from the Schoharie Reservoir. This project came online
in the 1970s and in practice has a near zero impact on daily streamﬂow within this part of the river
system and was not designed for ﬂood mitigation (NYPA, 2012). In essence the watershed is two
distinct catchments. The watershed that terminates above the reservoir (gaged at Prattsville) and
a second watershed that starts below the reservoir (gaged at Burtonsville) and terminates at the
conﬂuence with the Mohawk River.
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Table 1
USGS stream gaging records in the Schoharie Watershed.
USGS Station ID Name and stream
name if required
Station location
(Lat. Long)
Area (km2) Period of record
Gaging Stations on Schoharie Creek
01351500 Schoharie Cr –
Burtonsville
42◦48′00′′ N
74◦15′48′′ W
2295 October 1939 – present
01350000 Schoharie Cr –
Prattsville
42◦19′10′′ N
74◦26′13′′ W
614 November 1902 – present
In August 2011, Tropical Storm Irene made its way north along the Atlantic seaboard, heading
toward New York. On August 27, 2011, Irene made landfall and proceeded northwest nearly following
the Hudson Valley. The rotating storm stalled over the eastern edge of the Catskills where in 12–13 h
30–45 cm of rain fell (Villani et al., 2012). In the past, tropical storms similar to Irene have followed
a similar track and carried unusually high moisture amounts (e.g., hurricane/tropical storms Agnes,
June 1972 and Floyd, September 1999). For the entire Schoharie basin and many surrounding areas,
the ﬂooding associated with rainfall from Irene was intense and in some areas the ﬂooding was the
greatest in recorded history.
The precipitation and streamﬂow trend analysis previously conducted in the northeast United
States (e.g., Burns et al., 2007; Collins, 2009; Hayhoe et al., 2007; Hodgkins and Dudley, 2006, 2011;
Hodgkins et al., 2003; Seager et al., 2012; Villarini and Smith, 2010; Wood et al., 2002) and within
the Catskills speciﬁcally the southside (e.g., Pradhanang et al., 2013b; Schneiderman et al., 2013) all
describe the importance of this region for water resources. Moreover, these studies point to the poten-
tial for shifts in precipitation patterns and streamﬂow amounts to have an impact on the economy
and people living within this area. The study presented here focuses on the northside of the Catskills
and evaluates the potential trends seen in the Schoharie watershed. As described above the gaging
stations have some regulation projects in place which can introduce bias, but these data are the best
available for Schoharie Creek.
3. Methods
The United States Geological Survey (USGS) operates and maintains stream gages throughout the
United States and at some stations surface ﬂow records extend to the late 19th century. Within the
Schoharie watershed, stage and volume are monitored at six gaging stations on the main stem and
eight stations located on seven tributaries, with the oldest station beginning in the early 20th century
(Fig. 1 and Table 1). The primary data for this study are from the longest gaging stations located on the
main Schoharie channel and are located in the upper part of the basin at Prattsville (USGS 0135000)
and in the lower part of the basin at Burtonsville (USGS 01351500).
The start and end years for four comparison periods between 8 and 10 yrs in length were identiﬁed
based on average, below-average, and above-average annual ﬂow volumes in the time series data from
the two stations. Although these periods were short (8–10 yrs), we were interested in identifying an
analog for the recent prolonged period of above average ﬂows. In addition the periods we  identiﬁed
are similar to those investigated by others (Seager et al., 2012).
For the entire record and each comparison period, summary statistics were determined for each
record according to water years (October 1–September 30) for the stream records used in this analysis.
The Pearson correlation coefﬁcient was used to measure similarity for each day between two  com-
parison periods at each site. The center volume (CV) date and winter–spring center volume (WSCV)
date was calculated for each station for each comparison period. CV date is deﬁned as the date (water
day) at which half of the annual discharge has occurred. WSCV date is similar except that the period
evaluated is January 1–May 31 instead of the complete water year so as to avoid bias introduced by
large, late-season events (Court, 1962; Hodgkins et al., 2003). Several studies make use of CV and
WSCV dates to assess changes over distinct periods of time (e.g., Hayhoe et al., 2007; Hodgkins et al.,
2003; Hodgkins and Dudley, 2006). This study uses CV and WSCV metrics to facilitate comparisons to
existing literature and acknowledges that CV and WSCV metrics are problematic in some instances
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Fig. 2. Standardized annual discharge (km3) on Schoharie Creek at Prattsville (solid black line), Schoharie Creek at Burtonsville
(dashed light gray line) and Mohawk River at Cohoes (dotted line). Flow at the Cohoes station is shown for reference purposes.
(e.g., Whitﬁeld, 2013). Finally, the 2-, 5-, and 10-year event magnitude was estimated over the entire
record and calculated for the comparison periods by ranking the data in each period and ﬁnding the
corresponding ﬂow volume (n.b., only the 2-, and 5-year recurrence intervals were calculated for
comparison periods). In addition to annual statistical comparisons between records, the mean daily
discharges for each day during the periods of interest were compared. The mean for each October
1, between 1946 and 1955 was plotted, then October 2 continuing through an entire water year. By
evaluating average daily ﬂow through a given period, further details regarding seasonal ﬂow regimes
could be evaluated.
4. Results
Runoff through the Schoharie watershed shows higher ﬂow volumes in the recent decade
(Figs. 2 and 3). The earliest comparison period, 1946–1955, is used as the average period as ﬂow
during 1946–1955 reﬂects conditions similar to the long-term mean (Table 2). The mean annual ﬂow
in the Schoharie watershed over the 1946–1955 (average) comparison period is also similar to the
long-term average (Table 2). The low-ﬂow period during the 1960s (1961–1968) is characterized by
below average ﬂow for several consecutive years, identiﬁed as at least one standard deviation below
Table 2
Summary statistics for the total annual record and comparison periods for each gaging station evaluated in this study (all units
km3).
Station Entire record Average regime
(1945–1954)
Below average
regime
(1961–1968)
Above average
regime
(1972–1979)
Recent period
(2003–2010)
Mean St Dev Mean St Dev Mean St Dev Mean St Dev Mean St Dev
Prattsville 0.43 0.13 0.41 0.09 0.29 0.07 0.54 0.12 0.57 0.07
Burtonsville 1.00 0.44 0.83 0.24 0.58 0.24 1.30 0.28 1.37 0.16
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Fig. 3. Maximum daily ﬂow each year on Schoharie Creek at (a) Prattsville and (b) Burtonsville gaging stations. In the lower
part  of the Schoharie Creek basin (Burtonsville) 6 out of 7, 10-year recurrence interval ﬂow events occurred after 1970.
average (Table 2), and this period corresponds to a well-known multi-year drought (Cook and Jacoby,
1977; Seager et al., 2012). Two high-ﬂow periods were selected for analysis. First, the regionally wet
period (1971–1979; Burns et al., 2007; Groisman et al., 2004; Seager et al., 2012) which followed the
mid-century dry period (1961–1968). During the ﬁrst above average period (1971–1970) ﬂows were
nearly one standard deviation above the long-term mean or higher in consecutive years (Table 2). The
second above average ﬂow period is the most recent comparison period (2003–2010), and exhibited
years with higher than average ﬂow by at least one standard deviation in the annual ﬂow time series
at Prattsville and Burtonsville (Table 2). The summary statistics for the upper and lower Schoharie
gaging stations (Schoharie at Prattsville and Schoharie at Burtonsville) were compiled and reﬂect the
broad regional trends in average, below average, and above average ﬂow (Seager et al., 2012).
The 2-, 5- and 10-year event magnitude for each year was  estimated for the entire record and for
the corresponding comparison periods, for the two  gaging stations on Schoharie Creek (Table 3). The
USGS record at Prattsville is longer than the record at Burtonsville, thus for the recurrence interval
Table 3
Recurrence interval daily maximum discharge magnitudes.
Time period 1940–2012 Average1945–1954 Below 1961–1968 Above 1972–1979 Recent 2003–2010
Prattsville
2-yr Magnitudea 433 306 281 702 589
5-yr  Magnitudea 776 799 379 776 821
10-yr  Magnitudea 1212 – – – –
Burtonsville
2-yr  Magnitudea 592 532 498 807 966
5-yr  Magnitudea 994 810 728 1005 1249
10-yr  Magnitudea 1249 – – – –
a Magnitude is reported is m3 s−1 for the value closest to the recurrence interval from the record, for example in some cases
the  2.25 RI is used.
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Table 4
Center-volume (CV) and winter–spring center-volume (WSCV) date and standard deviations.
Station Average Below average Above average Recent
CV dates and standard deviations
Prattsville 164 ± 21 175 ± 13 157 ± 28 156 ± 18
Burtonsville 168 ± 19 180 ± 9 165 ± 28 159 ± 18
WSCV dates and standard deviations
Prattsville 174 ± 15 177 ± 10 172 ± 12 169 ± 17
Burtonsville 173 ± 15 180 ± 9 178 ± 11 167 ± 19
analysis only the period where upper and lower basin records existed was used (1940–2012). Over
the length of the record, the gage at Burtonsville showed that annual daily maximum ﬂow increased,
especially after the 1970s (Fig. 3). A similar increase in the maximum daily ﬂow was  not observed in
the Prattsville record. This difference in daily maximum ﬂow between the upper and lower parts of the
basin suggests that the mechanism may  be local or speciﬁc to processes in the lower part of the basin.
Although the Schoharie Reservoir and Blenheim-Gilboa pump-storage project are situated between
the Prattsville and Burtonsville stations these operations have minimal impact on streamﬂow. As
described in the watershed characteristics section, the Schoharie watershed is effectively split into
two watersheds, with little ﬂow entering the lower watershed from the Schoharie Reservoir and ﬂow
attenuation at the Blenheim-Gilboa pump-storage project a minimum.
Center-volume (CV) and winter–spring center-volume (WSCV) dates determined for the recent
comparison period (2003–2010) show that CV and WSCV dates occurred earlier in the water year
compared to the average comparison period (Table 4). During the below-average (1960–1968) ﬂow
period, CV and WSCV dates were delayed in both the upper and lower part of the Schoharie watershed;
speciﬁcally CV was delayed by at least 10 days. WSCV was delayed, but by less than a week (Table 4).
The mean daily discharges for each day during the comparison periods were calculated (Fig. 4).
Through these analyses changes in the timing, ﬂow volume and variability were evaluated and com-
pared to the average comparison period (1946–1955; Fig. 4). The Pearson correlation coefﬁcient was
used to measure similarities between comparison periods for each record. For both stations, corre-
lations between the average, below average and above average comparison periods with the recent
period were the least similar. The above average period correlation with the recent period was the
weakest (r = 0.43, p < 0.001) in the Prattsville time series comparisons. The above average period cor-
relation with the recent period, and the average period correlation with the above average period
were the weakest in the Burtonsville comparisons (r = 0.66, p <0.001). The strongest correlation was
between the average and below average comparison periods at both stations (Prattsville, r = 0.71,
p < 0.001; Burtonsville, r = 0.80, p < 0.001).
The most notable differences between the upper and lower basin are the timing and volume of
peak ﬂow as well as ﬂow conditions during typically low-ﬂow periods of the water year. The recent
comparison period (2003–2010) was unlike the previous high-ﬂow period in the 1970s and in some
ways the recent period although characterized by higher annual ﬂows has traits more similar to the
annual ﬂow regime during the low-ﬂow period of the 1960s (Fig. 4). During the below-average period
(1960s) both stations recorded ﬂow during the summer or late part of the water year similar to those
ﬂows observed for the average period. In other words, ﬂows were signiﬁcantly lower during the early
part of the water year and during peak ﬂow events. Notably, variability during the peak runoff period
was higher compared to average ﬂow conditions. In contrast, the 1971–1979 above average period
had above average early water year and winter ﬂows. The peak ﬂow period during this interval was
also above average and had a prolonged duration. The summer and late water year ﬂows were close
to average, and slightly above average at the Prattsville gaging station.
The two  stations recorded slightly different trends during the last decade (2003–2010). At
Prattsville, the upper basin ﬂow was variable through the winter and the period prior to peak ﬂow
was near the long-term average. There was increased variability through the spring peak runoff and
a slightly below average ﬂow during July and August. At Burtonsville, the lower basin ﬂow was above
average and variable through the early part of the water year. Rising limb ﬂow was slightly lower than
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Fig. 4. The difference between mean daily ﬂow during different comparison periods and the average comparison period
(1946–1955). Below-average (1961–1968, light gray), above-average (1971–1979, medium gray) and recent (2003–2010, dark
gray)  comparison periods are shown for (a) Prattsville and (b) Burtonsville gaging stations, respectively.
average conditions in the weeks before spring runoff peaked. But spring runoff peaked above average
and was more variable throughout. The receding limb progressed faster than average conditions. The
remainder of the water year was above average and variability increased through to the end of the
water year.
5. Discussion
Flow volumes in Schoharie (at both stations) were above the long-term average ﬂow for most of
the last two decades. The last two decades of higher-than-average annual ﬂows is the longest period
in the record with above average conditions for this region and coincides with increased precipitation
(Seager et al., 2012) and higher ﬂows evaluated throughout the northeast United States (e.g., Collins,
2009; Hodgkins and Dudley, 2011; Villarini and Smith, 2010). The previous long-lasting deviations
from the mean are the roughly decade-long low-ﬂow period in the 1960s and the high-ﬂow period in
the 1970s (Seager et al., 2012). At Prattsville and Burtonsville stations on Schoharie Creek, total annual
ﬂows during the recent high-ﬂow comparison period (2003–2010) were greater than the previous
above-average comparison period identiﬁed in the 1970s (Table 2).
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Evaluating annual ﬂow totals for each comparison period was  important for the present study to
determine if an analog existed for the recent higher-than-average ﬂow period. The mean and standard
deviation for annual ﬂow at each comparison period (Table 2) illustrate that the recent comparison
period (2003–2010) was similar to the above-average ﬂow period (1970–1979) for both the upper and
lower Schoharie reaches. In particular, the persistence of the higher than average ﬂows is interesting.
Recent studies of precipitation in the northeast suggest that the region is in pluvial, or wetter period
(Seager et al., 2012) and that this pluvial began after the drier period in the 1960s. Our observations
would suggest that the prolonged wet period has intensiﬁed in the last two decades (e.g., our recent
comparison period 2003–2010; Table 2 and Fig. 3). Other work (e.g., McCabe et al., 2004; Wood et al.,
2002) has investigated the potential for anomalies over the Paciﬁc and Atlantic Oceans as the poten-
tial drivers for regional and continent-wide persistence in stream ﬂow patterns. The similarities in the
water year summary statistics in the recent period (2003–2010) with the above average comparison
period in the 1970s point to the potential for the same drivers and therefore a potential analog. How-
ever, the distribution of ﬂow throughout the year (Fig. 4) and the CV and WSCV dates (Table 4) point
to additional differences even though the annual summaries appear similar.
The 10-yr recurrence interval, based on daily maximum ﬂow between 1940 and 2012, was exceeded
seven times in the upper and lower basins of the Schoharie (Table 3 and Fig. 3). In the ∼70 year
record, seven instances of 10-yr maximum exceeded ﬂow is expected, however, in the lower basin,
the instances when the 10-yr maximum occurred are not evenly distributed through the record. At
Burtonsville, the 10-year daily maximum ﬂow was exceeded six times out of seven instances after
the 1970s, at Prattsville, four of the seven instances of exceedance occurred after 1970 (Fig. 3). The
uneven distribution in daily maximum ﬂow exceedance in the lower Schoharie may  suggest a shift
in the mechanisms generating ﬂow and coincides with studies that have identiﬁed larger, regional
variability (e.g., Collins, 2009; Seager et al., 2012). The uneven distribution of 10-year events between
the upper and lower basin, considered in the context of the reasonably similar trends in annual data,
points to the likeliness that the lower and upper basins have different sensitivities. The upper basin
(measured at Prattsville) is more mountainous than the lower basin (measured at Burtonsville) and is
smaller, so it is expected that the record at this station might be more responsive to water inputs (e.g.,
ﬂashier hydrological response). Despite the water regulation projects on the lower basin in Schoharie
(Schoharie Reservoir and Blenheim-Gilboa pump-storage project) ﬂow was  more variable than that
shown in the upper basin. The difference in hydrological response between the upper and lower basin
is likely attributed to differences in inputs between the upper and lower basin.
The increase in event magnitude was most notable in the lower basin. In the upper basin, the 2-yr
and 5-yr event magnitudes were greatest during the recent comparison period (2003–2010). In the
lower portion of the basin, the event magnitude of the 2-yr and 5-yr recurrence intervals were larger
during the above average (1972–1979) and recent (2003–2010) comparison periods. Continuing with
the lower basin, the 2-yr recurrence interval magnitude (966 m3 s−1) during the recent comparison
period increased to match the magnitude of the average 5-yr recurrence interval (994 m3 s−1) based
on the ∼70 year data set (Table 3). Similarly, the 5-yr recurrence interval magnitude (1249 m3 s−1)
during the recent comparison period increased to match the magnitude of the average 10-yr recur-
rence interval (994 m3 s−1) based on the ∼70 year data set (Table 3). Increases in the 2-yr and 5-yr
recurrence interval magnitudes during the above average period (1972–1979) in the lower Schoharie
basin is expected during higher ﬂow, but that the recent period (2003–2010) is even greater than the
1972–1979 comparison period is interesting. This suggests that perhaps the above average period in
the 1970s may  not be a reasonable analog, and perhaps the recent period is more extreme.
Peak ﬂow timing and center-volumes shifted over the period of record for Burtonsville and
Prattsville gaging stations. Peak ﬂow occurred the earliest in the most recent comparison based on
both the CV and WSCV metrics, although the differences were more pronounced in the lower Schoharie
watershed compared to the upper part of the basin (Table 4). This shift in earlier peak ﬂow timing has
consequences downstream (e.g., Mohawk, Hudson watersheds). It is not surprising that peak ﬂow is
earlier and it is consistent with similar studies completed in the region (Boyer et al., 2010; Burakowski
et al., 2008; Pradhanang et al., 2013a,b) and with the predictions in NECIA (Frumhoff et al., 2008). This
observation suggests that plans to adapt with or mitigate these changes need to be implemented now
(Boyer et al., 2010).
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Modeled results for the end of the 21st century indicate that WSCV dates could be earlier by 22–34
days for some tributaries in the greater St. Lawrence River basin (Boyer et al., 2010). In the lower
Schoharie, WSCV dates were nearly a week (day 167 vs day 173; Table 4) earlier during the recent
comparison period compared to the average period. Suggesting that the lower Schoharie, at least,
seems to follow the same predictions at those included in the Boyer et al. (2010) study. The CV date for
all stations evaluated was at least one week earlier during the recent comparison period (2003–2010)
compared to the average period. Although the CV date is affected by larger summer storm events,
these events would serve to delay the CV date, not move it earlier (Hodgkins et al., 2003).
An important ﬁnding from these data is that there is more water ﬂowing though the basin on an
annual basis and the timing of the ﬂow is changing (Fig. 4). The water year statistics suggest that
the recent comparison period (2003–2010) is similar to previous above average periods (1972–1979).
However, the estimated magnitude of the 2-yr and 5-yr maximum daily ﬂow and the day-to-day
changes in ﬂow (Fig. 4) suggest that response to inputs or the nature of the inputs has changed.
Further, although on an annual basis the previous above average ﬂow period (1972–1979) may  be a
reasonable analog for the recent period, this analog is not suitable when considering the day-to-day
changes in ﬂow (Fig. 4).
Although there is a noted change in precipitation in the Catskills (Burns et al., 2007; Seager et al.,
2012) this does not explain the differences between the upper and lower basin of the Schoharie water-
shed, nor does it adequately act as an analog for the lower basin. Recent work observed an increase in
the number of heavy and very heavy precipitation events (Groisman et al., 2004; DeGaetano, 2009),
and the number of cyclonic systems in the North Atlantic has increased in size and number over the last
25 yr (Webster et al., 2005; Changnon, 2008). Thus it has been suggested that the most dramatic and
signiﬁcant change in the hydrology in the Schoharie watershed is related to Atlantic tracking storms,
which have had a signiﬁcant effect on ﬂooding (Garver and Cockburn, 2011). This hypothesis can
explain the asymmetry in the precipitation changes that appear to be signiﬁcant in the coast-proximal
Catskill Mountains (Kern, 2008; Garver and Cockburn, 2011).
6. Conclusions
The headwaters of the Schoharie Creek are in the steep, sparsely populated high topography of the
Catskill Mountains, and the hydrologic record of this part of the watershed is captured by the USGS
gage at Prattsville. The Prattsville record shows that the recent comparison period (2003–2010) has
higher ﬂows sustained over longer time periods when typically ﬂow should be low (winter). For exam-
ple, between early October and late February higher than average ﬂows are common, but in general
were sustained for less than ten days during the 1970s and the average comparison periods. However,
during the recent period (2003–2010), these higher ﬂow events in winter tended to be longer than
ten days and in some cases extending to nearly 20 days. Although not as obvious similar trends are
observed after peak annual ﬂow. Following the beginning of May, storm events on average lasted less
than ten days in all comparison periods except for the recent period, where events were generally
longer than ten days. The similarities between the above average comparison period (1972–1979)
and the recent comparison period (2003–2010) suggest that 1970s would serve as a reasonable ana-
log for the Prattsville station and that streamﬂow in the upper Schoharie ﬁts well with the patterns
described by others (Seager et al., 2012). In the lower part of the Schoharie basin the USGS gage at
Burtonsville provides a long record. Although annual summary statistics from the recent compari-
son period (2003–2010) were similar to those in the above average comparison period (1972–1979),
the within-year ﬂow patterns were not similar. An analog for predicting ﬂow patterns in the lower
Schoharie basin during the current higher than average ﬂow regime is not as apparent as it is for the
upper basin.
At a point in history where policies are drawn, litigation pursued, and uncertain climate scenarios
loom, how much water, where is the water, and who can use the water are important questions
and challenges that need to be addressed. Annual ﬂow data from the Schoharie Creek watershed
indicate there are several time periods of consistent ﬂow patterns in the 20th century. Analyses of
the annual data revealed that the recent comparison period (2003–2010) represents period of higher
than average ﬂows, compared to the average comparison period (1946–1955) and the record-long
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average (last 100 yrs) and ﬁnally the above average ﬂow comparison period (1972–1979). Annual ﬂow
trends are useful in year-over-year comparisons, but are insufﬁcient to evaluate within-year changes.
Intra-annual hydrological regime comparisons revealed dramatic shifts to the water budget in the
lowermost station in the Schoharie watershed. Peak ﬂows are occurring earlier in the hydrological
year, and late summer low ﬂows are lower than average. Furthermore, variability through the water
year has increased compared to long-term averages, reducing predictability across the region.
The Schoharie watershed faces pressures from municipal water needs, power generation, agricul-
ture and recreation needs, and this complex use is not unique to this region. In addition, climate and
land management practices are altering the water balance in the region. Although, forecast climate
models predict increased precipitations (e.g., Frumhoff et al., 2008), these increases will not neces-
sarily produce more runoff evenly throughout a given year. Moreover, the latter portion of the 20th
century and early 21st century records suggest that predicted changes have already occurred. Policies
and mitigation strategies need to be put in place today in order to mediate and abate risk.
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